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(54) Tide: CATALYTIC SURFACE FOR REDOX CELL ELECTRODE 



(57) Abstract 

An electrical storage cell (10) of the reduction oxidation (REDOX) type is divided into anode and cathode compart- 
ments, ( 12 and 13), by a membrane (14), each compartment having a circulating fluid containing an ion couple for producing an 
electricpotential at respective solid inert electrodes (7 and 15) disposed therein. The anode electrode (15) is plated with one layer 
( 16) of copper, silver or gold and another layer (17) of lead or cadmium. The metal layers (16 and 17) provide an electrochemical- 
ly active surface for the reduction and oxidation activity of the cell which dramatically increases the current density at the electro- 
des. 
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Catalytic Surface for REDOX Cell Electrode 
Origin of the Invention 

The invention * described- herein -was ' made* in* the 
performance of work under a NASA contract and is subject 
5 to the provisions of Section 305 of the National Aer- 
onautics and Space Act of 1958 , Public Law 85-568 (72 
Stat. 435, 42 USC 2457). 

Technical Field 

This invention relates to electrical energy storage 
10 devices and particularly relates to electrically re- 
chargeable reduction-oxidation (REDOX) flow cell systems- 

A need exists for storing bulk quantities of elec- 
trical power obtained from intermittent or random 
sources such as wind-driven generators r and solar- cells. 
15 Pumped water storage systems wherein water from a 

water storage pond at one level is directed .to a water 
storage pond at a lower level through a hydro-electric 
plant having a water pumping capability has proven to be 
a viable method of energy storage. Unfortunately, such 
20 facilities are limited to areas where the terrain is 
suitable for providing water sources at different ele- 
vations. 

A number of other methods have been considered 
including the storage of compressed air in large re- 
25 servoirs, flywheels, capacitive storage, inductive stor- 
age and a number of electrochemical schemes. Elec- 
trochemical storage batteries are generally expensive. 
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Electrically rechargeable REDOX flow cell systems 
are well known and have a very high overall energy ef- 
ficiency as compared to other systems. * REDOX type cells 
also can be discharged more completely than secondary 
5 battery systems. Additionally , REDOX w cells are 

inexpensive as compared to secondary batteries and do not 
deteriorate as significantly when repeatedly discharged 
and recharged- 

Background Art 

10 U.S. Patent No. 3,996,064 is useful background for 

the understanding of the present invention. In that 
patent an electrically rechargeable . REDOX flow cell is 
disclosed wherein an electric potential is obtained be- 
tween electrodes disposed respectively in an anode fluid 

15 having a chromic/chromous couple and a cathode fluid hav- 
ing a ferrous/ferric couple. The anode and cathode 
fluids are separated by an ion selective membrane. The 
electrodes are both disclosed as comprised of porous 
graphite products which are inert to electrochemical re- 

20 action with the anode and cathode fluids while promoting 
the REDOX reaction on their surfaces. 

Statement of Invention 

It is an object of the invention to provide a REDOX 
cell which will deliver much greater current for any 
25 given electrode surface area than prior art devices. It 
is another object of the invention to provide a REDOX 
type cell which will deliver an increasingly greater 
percentage of current when compared to prior art REDOX 
cells as the cell approaches a discharged condition. 
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In accordance with the invention, catalytic coatings 
are provided* on "the surf ace -of * the-anode- -electrode to en- 
hance the reduction and oxidation activity of the desired 
ions in the fluid. In the preferred embodiment a thin 

5 metal -layer * of" copper,- !, silveir---or-*go"ld r --and "-arrather iayer 
of lead are deposited respectively on the anode elec- 
trode. In the iron/chromium fluid system of the prefer- 
xed embodiment, the lead surface enhances the chromium 
reduction during the charging of the cell and produces a 

10 60-fold increase of reduction current density over an un- 
treated electrode. 

When the REDOX cell is being discharged, the lead 
also functions very well as a surface for the reversible 
electrochemical oxidation of the chromous ions to chromic 

15 ions, however, the lead itself also undergoes elec- 
trochemical oxidation and is deplated from the anode sur- 
face. 

The thin metal layer of copper, silver or gold, 
which becomes exposed to the anode fluid, provides an 

20 electrochemically active surface for the rapid oxidation 
of the chromous ions, and at the same time is less sub- 
ject to being oxidized than the lead. The copper 
produces a 50 fold increase in current density and the 
gold and silver both produce about a 90 fold increase 

25 over plain carbon electrodes. During the recharging 
process, the lead is replated onto the layer of copper, 
silver or gold and is again available to promote the re- 
duction activity of the chromic ions. 
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Brief Description of the Drawings 

FIG. 1 is a -cross-sectional view -of the REDOX cell 
embodying the invention showing the anode and cathode 
fluid supply systems schematically. - 
5 FIG. 2 is a graph illustrating the increased current 

* density in a REDOX cell embodying the invention. 

FIG. 3 is a graph illustrating current density - 
versus potential for different electrode materials'." 

FIG. 4 illustrates current density versus potential' 
for a carbon electrode with a catalytic coating and 
10 utilizing desired ions. in the fluid to plate out on the 
coated electrode. 

Best Mode for Carrying Out the Invention 

Referring now to FIG. 1, there is shown a REDOX cell 
10 comprising container 11/ divided into compartments 12 

15 and 13 by an ion conductive membrane 14. The graphite 
electrode 15 is disposed in the chamber 12 and connected 
to an output terminal 6 while a graphite electrode 17 is 
disposed in compartment 13 and connected to an output 
terminal 18. Electrode 15 in the anode compartment 12 is 

20 coated with metal layers 16 and 17 to be more fully de- 
scribed hereinafter. 

As shown, a cathode fluid from a cathode fluid 
source 19 is circulated by a pump 20 through compartment 
13. Similarly, anode fluid from an anode fluid source 21 

25 is circulated by a pump 22 through the compartment 12. 
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■ In a preferred embodiment the REDOX cell 10 utilizes 

an iron/chromium system wherein "the "cathode fluid con- 
tains a ferrous/ferric couple while the anode fluid con- 
tains a chromic/chromous couple. Both fluids are 

5 acidified solutions --between T -arid *4* -malazfs The -anode 
fluid preferably contains water and HC1 (aqueous solution 
of HC1 ) having dissolved therein a chromium chloride salt 
whereby cations in a reduced state are produced. The 
cathode fluid likewise is water and HC1 but has dissolved 

10 therein an iron chloride salt whereby cations in an 
oxidized state are produced. These fluids provide the 
desired couples in each of the chambers 12 and 13. A 
more complete discussion of the couple, the fluid and 
electrode requirements and membrane considerations is 

15 given in U.S. patent No. 3,996,064 which is 
incorporated herein by reference. 

While the REDOX cell herein has been described as 
using an- anode fluid having an chromous/chromic couple 
and a cathode fluid having a ferrous/ferric couple, other 

20 couples may be used as indicated in the aforementioned 
patent. For example, titanium chloride may be used in 
the anode fluid to produce the cations in the reduced 
state and vanadium chloride or manganese chloride may be 
used in the cathode fluid to produce the cations in the 

25 oxidized state. 

In accordance with the present invention, it has 
been found that a coating of lead on the inert electrode 
15 substantially increases the current density of the 
elctrode, and consequently, the current available at ter- 

3 0 minals 6 and 18. This results from the fact that chromic 
reduction has been found to occur very rapidly on the 
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lead surface. At the same time lead is also re- 
presentative of a class of non-noble metals that possess 
a very high hydrogen over voltage* which advantageously 
results in a minimization of the rate of hydrogen evolu- 

5 tion to preserve the electrical balance of the fluids. 
Although lead chloride is discussed herein, it is noted 
that cadmium chloride may be substituted for or used in 
combination with lead chloride. Cadmium chloride 
. achieves the same results as lead chloride in increasing 

10 catalytic activity of a carbon electrode for the re- 
duction of chromic chloride with the simultaneous inhibi- 
tion of hydrogen evolution. 

On a lead surface which was prepared by the elec- 
trodeposition of a very thin layer of lead onto a smooth 

15 carbon rod, the reduction current was measured to be 12 
ma/cm 2 at an electrode potential of -600 millivolts 
(mv) versus a standard calomel electrode (SCE). Under 
like conditions, the reduction current for an untreated 
electrode was only 0.2 ma/cm 2 . Thus, the lead coating 

20 on a carbon rod provided a 60-fold increase of reduction 
current. 

Referring now to PIG. 2, there is shown graphically 
the relative performance obtained over a wide range of 
potentials of a solution that contained no lead ions and 
25 one that contained 10~ 4 molars of lead ions. 

The lead layer 17 may be coated onto the electrode 
15 before it is disposed in chamber 12 to be contacted by 
the circulating anode with fluid. The lead layer may 
also be obtained by simply dissolving lead chloride in 
30 the anode fluid before charging the REDOX cell and al- 



WO 80/01221 


-7- 


PCT/US79/00997 


lowing the lead, which is subject to anodic dissolution, 
to plate onto the electrode structure during the charing 
mode of the chroraous/chromic reaction. 

As mentioned previously, each time the REDOX cell is 
5 discharged, the lead is deplated f rom " the anode by elec- 
trochemical oxidation and redissolved in the anode 
fluid. Because the carbon and graphite material of the 
electrode structure does not provide an active surface 
for the oxidation of the chromous ions, a further aspect 
10 of the invention is the provision of metal layer 17 as an 
electrochemically active surface between the lead layer 
and the electrode surface for this purpose. Metal layer 
17 may be selected from the group comprising copper, 
silver and gold which have all been found to be elec- 
15 trochemically active surfaces for the rapid elec- 
trochemical oxida tion of chromous ions, and at the same 
time, are less subject to being electrochemically 
oxidized than lead. FIG. 3 graphically illustrates the 
current density versus potential for silver, copper and 
20 smooth carbon surface. As shown, at an electrode poten- 
tial of -550 mv versus a saturated calomel electrode the 
rate of electrochemical oxidation of a chromous ion is 
less than 0.1 ma/ cm 2 . Under the same conditions, the 
current produced by the silver surface is about 9 
25 ma/cm 2 which is about a 9 0-fold increase. A copper 

surface under the same conditions yields 5 ma/cm 2 which 
is a 50-fold increase over a smooth carbon surface. 

Referring now to FIG. 4, there is graphically shown 
the current density obtained for various electrode 
30 potentials for the chromous/chromic couple where the an- 
ode electrode is coated with gold and wherein lead 
chloride is dissolved in the anode fluid to provide lead 
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ions. With the gold coating on the anode electrode it 
will be seen at negative 550 rav. versus the saturated 
calomel eiectrode the current for the electro oxidation 
of chromous ion is 9 ma/cm 2 . This is a 90-fold 
% 5 increase over a plain carbon electrode. 

The metal coating 17 of silver, gold or copper on the 
inert electrode is very thin and may be applied by var- 
ious procedures including • electrodeposition, metal 
spraying/ dipping or the like. The amount of metal in 

10 the coating is on the order of only a few molecular 

layers. A graphite felt was produced with 25 micrograms 
of gold per cm 2 of projected area. This provided suit- 
able electrode performance during "discharge. The lead 
coating which goes over the silver , gold or copper coat- 

15 ing on the inert electrode, whether applied before the 
electrode is inserted in the anode chamber or by de- 
position from the anode fluid, can also be as thin as 
several monolayers, where a monolayer is one molecule in 
thickness. 

20 The gold, silver and copper catalysts which enhance 

the oxidation of chromous ions during the discharge cycle 
may also be dissolved in the anode solution as salts to 
provide in-situ activation of the anode electrode. They 
can also be incorporated into the negative carbon elec- 

25 trode by saturating the electrode with a salt solution of 
gold, silver or copper followed by heat treatement to dry 
it. 

It will be understood that changes and modifications 
may be made to the above described inventions by those 
30 skilled in the art without departing from the spirit and 
scope of the invention as set forth in the claims ap- 
pended hereto. 
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Claims 


A REDOX cell having first and ' second chambers 


5 


10 


15 


2. 


20 3. 


25 4. 


separated by an ion permeable membrane including: 
an anode f luid --in-- the- f irst-'ehamber ; 

» 

a cathode fluid in the second chamber; 
an anode electrode in said first chamber, said elec- 
trode being electrically conductive but inert with 
respect to the anode fluid; 

a cathode electrode in said second chamber, said 
electrode being electrically - conductive but inert 
with respect to the cathode fluid; 

said anode electrode having a coating of one or more 
metals-deposited thereon to provide a surface which 
will act as a catalyst for electrochemical reduction 
and oxidation activity during charging and dis- 
charging of said REDOX cell. 

The REDOX cell of claim 1 wherein said metal coating 
deposited on the anode electrode includes a layer 
selected from the group of lead or cadmium. 

The REDOX cell of claim 2 wherein said metal coating 
deposited on the anode electrode includes a layer of 
metal selected from the group of silver, gold and 
copper disposed between the surface of said anode 
electrode and said layer of lead or cadmium. 

The REDOX cell of claim 3 wherein each layer of metal 
is 2-5 monolayers thick - 
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5. A REDOX cell having first and second chambers 
separated by an. ion permeable membrane, including: 
an anode fluid in the first chamber; 

a cathode fluid in the second chamber; 
5 an anode electrode in said first chamber, sard elec- 

trode being electrically conductive but inert with 
respect to the anode fluid; 

a cathode electrode in said* second chamber, said 
electrode being electrically conductive but inert 
10 with respect to the cathode fluid; 

said anode electrode having metal deposited thereon . 
selected from the group consisting of lead or cadm- 
ium. 

6. The REDOX cell of claim 5 wherein the amount of metal 
15 is 10-4 to 10-5 M /liter of anode fluid. 

7. The REDOX cell of claim 6 wherein a metal layer 
selected from the group of silver, gold and copper is 
disposed between the anode electrode and the layer of 
lead or cadmium. 

20 8. A REDOX cell having first and second chambers 

separated by an ion permeable membrane ; 

an anode fluid in the first chamber; 

a cathode fluid in the second chamber; 

an anode electrode in said first chamber, said elec- 
25 trode being electrically conductive but inert with 

respect to the anode fluid; 

a cathode electrode in said second chamber, said 
electrode being electrically conductive but inert 
with respect to the cathode fluid; 
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said anode fluid having a metal chloride salt dis- 
- solved -there in -whereby' the metal -ions of said salt 
plate onto the anode electrode during the operation 
of said cell to provide a surface for catalyzing 
5 • -^electrochemical -activity—of - said -cell. 

9. The REDOX cell of claim 8 wherein said metal chloride 
salt is* lead chloride or cadmium chloride or a com- 
bination of both* 

10. The REDOX cell of claim 9 wherein said metal chloride 
10 salt is in the amount of 10~ 4 to 10~ 5 M/liter. 

11. --The REDOX -cell- of* claims 8, 9 crrrlO therein a layer 

of metal selected from the group consisting of cop- 
per, silver and gold is disposed between said metal 
layer formed by said metal chloride salt. 

15 12. The REDOX cell of claims 11 wherein said metal layer 
of copper, silver or gold is 2 to 5 monolayers thick. 

13. A method of making a REDOX cell of the type having 
anode and cathode fluids including: the steps of 
dissolving a metal chloride salt selected from the 
20 group consisting of lead chloride and cadmium 

chloride to the anode fluid and then charging the 
cell to plate the metal ions of said salt onto an 
electrically conductive inert electrode disposed in 
the anode fluid. 

25 14. The' raetho'd' of claim 13 wherein the metal ions 

produced in said fluid by said metal chloride salt 
are in the amount of 10" 4 to 10" 5 M/liter of an- 
ode "fluid. 
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15. The method of claim 13 wherein the electrode to be 
inserted in the anode fluid is first coated with a- 
. metal selected from the group consisting of silver , 
gold and copper. 

5 16* The method of claim 15 wherein said metal coating .is 
from about 2 to about 5 monolayers thick. 

17* The method of claim 13 wherein a porous inert elec- 
trode to be disposed in the anode chamber is first 
saturated with a solution of a salt selected from the 
10 group consisting of gold chloride, silver .chloride 

and copper chloride and then heat treated. 

18. A method of making a REDOX cell of the type having 
anode and cathode fluids comprised of water and metal 
chloride salts and including the step of coating a 

15 metal selected from lead or cadmium onto an elec- 

trically conductive inert electrode before disposing 
the electrode in the anode fluid. 

19. The method of claim 17 and including the additional 
step of providing the inert electrode with a coating 

20 selected from the group of metals consisting of 

silver f gold and copper before applying the lead 
coating. 

20. The method of claim 19 wherein each coating is from 
about 2 to about 5 monolayers thick. 
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